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(54) CONTROL DEVICE FOR ELECTRIC VEHICLE AND CONTROL METHOD FOR ELECTRIC

VEHICLE

(67)  a control device for electric motor vehicle uses
the motor as the traveling driving source. The control
device for electric motor vehicle is configured to decel-
erate by the regenerative braking force from the motor.
The control device for electric motor vehicle is configured
to detect the amount of the accelerator operation, detect
the motor rotation speed proportionate to the traveling
speed of the electric motor vehicle, and calculate the mo-
tor rotation speed estimated value according to the state
of the electric motor vehicle.

Additionally, the control device for electric motor ve-
hicle is configured to detect or estimate the resistance
component unrelated to the gradient from the vehicle
state and correct the motor rotation speed estimated val-
ue according to the resistance component. Further, the
control device for electric motor vehicle is configured to
calculate the feedback torque to stop the electric motor
vehicle based on the motor rotation speed and calculate
the feedforward torque to compensate the feedback
torque based on the corrected motor rotation speed es-
timated value. The control device for electric motor ve-
hicle is configured to calculate the motor torque com-
mand value and control the motor based on the calculat-

ed motor torque command value. When the amount of
the accelerator operation is equal to or less than the pre-
determined value and the electric motor vehicle is just
before the stop of the vehicle, the motor torque command
value is converged to 0 based on the feedback torque
and the feedforward torque together with the reduction
in the traveling speed.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a control device for electric motor vehicle and a control method for electric
motor vehicle.

BACKGROUND ART

[0002] Conventionally, a regenerative brake control device for electric vehicles provided with setting means capable
of any given setting of a regenerative braking force of a motor and regenerates the motor by a regenerative braking
force set by the setting means is known (see JP8-79907A).

SUMMARY OF INVENTION

[0003] However, the technique in JP8-79907A has the following problem. If the regenerative braking force set by the
setting means is large, vibration in a longitudinal direction of a vehicle body may be generated when the electric vehicle
is decelerated by the set regenerative braking force and the speed becomes 0.

[0004] An object of the present invention is to provide a technique that reduces the generation of vibration in a longi-
tudinal direction of a vehicle body in stopping an electric motor vehicle with a regenerative braking force.

[0005] A device for controlling an electric vehicle according to an embodiment is that a control device for electric motor
vehicle uses the motor as the traveling driving source. The control device for electric motor vehicle is configured to
decelerate by the regenerative braking force from the motor. The control device for electric motor vehicle is configured
to detect the amount of the accelerator operation, detect the motor rotation speed proportionate to the traveling speed
of the electric motor vehicle, and calculate the motor rotation speed estimated value according to the state of the electric
motor vehicle. Additionally, the control device for electric motor vehicle is configured to detect or estimate the resistance
componentunrelated to the gradient from the vehicle state and correct the motor rotation speed estimated value according
to the resistance component. Further, the control device for electric motor vehicle is configured to calculate the feedback
torque to stop the electric motor vehicle based on the motor rotation speed and calculate the feedforward torque to
compensate the feedback torque based on the corrected motor rotation speed estimated value. The control device for
electric motor vehicle is configured to calculate the motor torque command value and control the motor based on the
calculated motor torque command value. When the amount of the accelerator operation is equal to or less than the
predetermined value and the electric motor vehicle is just before the stop of the vehicle, the motor torque command
value is converged to 0 based on the feedback torque and the feedforward torque together with the reduction in the
traveling speed.

[0006] Embodiments of the present invention and merits of the present invention will be described below in detail
together with the attached drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0007]

FIG. 1 is a block diagram illustrating a main configuration of an electric vehicle with a control device for electric
motor vehicle according to a first embodiment.

FIG. 2 is a flow of processes for a motor current control performed by a motor controller provided with the control
device for electric motor vehicle of the first embodiment.

FIG. 3 is a diagram illustrating an example of an accelerator position (accelerator opening degree)-torque table.
FIG. 4 is a diagram modeling a drive force transmission system of the vehicle.

FIG. 5 is a diagram modeling the drive force transmission system of the vehicle.

FIG. 6 is a block diagram for achieving a stop control process.

FIG. 7 is ablock diagram describing a method for calculating a motor rotation speed estimated value by a feedforward
compensator (addition of a response adjusting filter).

FIG. 8 is a diagram describing a method for calculating an F/B torque based on a motor rotation speed.

FIG. 9 is a diagram describing a method for calculating an F/F torque based on the motor rotation speed estimated
value.

FIG. 10 is a diagram describing a method for calculating a disturbance torque estimated value.

FIG. 11 is a diagram describing a method for calculating a just-before-stop determining torque based on a motor
rotation speed and the disturbance torque estimated value.
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FIG. 12 is a diagram describing a method for calculating a motor rotation speed correction value in the control device
for electric motor vehicle of the first embodiment.

FIG. 13 are diagrams illustrating examples of control results by the control device for electric motor vehicle of the
first embodiment.

FIG. 14 are diagrams illustrating examples of control results of a comparative example.

FIG. 15 is a flow of processes for a motor current control performed by a motor controller provided with a control
device for electric motor vehicle of a second embodiment.

FIG. 16 is a block diagram of a stop control process in the control device for electric motor vehicle of the second
embodiment.

FIG. 17 is a block diagram of a vibration damping control process in the control device for electric motor vehicle of
the second embodiment.

FIG. 18 is a block diagram expressing details of the vibration damping control process in the control device for
electric motor vehicle of the second embodiment.

FIG. 19 is a diagram describing a method for calculating the disturbance torque estimated value in the control device
for electric motor vehicle of the second embodiment.

FIG. 20 is a diagram describing a method for calculating the motor rotation speed correction value in the control
device for electric motor vehicle of the second embodiment.

FIG. 21 is a diagram describing a method for calculating a vibration damping control torque estimated value in the
control device for electric motor vehicle of the second embodiment.

DESCRIPTION OF EMBODIMENTS
(First Embodiment)

[0008] FIG. 1is a block diagram illustrating a main configuration of an electric vehicle with a control device for electric
motor vehicle of the first embodiment. The control device for electric motor vehicle of the present invention includes an
electric motor 4 as part or the entirety of a drive source of the vehicle and is applicable to an electric motor vehicle
capable of traveling by a drive force of the electric motor. Electric motor vehicles include not only electric vehicles, but
also hybrid vehicles and fuel cell vehicles. Particularly, the control device for electric motor vehicle according to the
embodiment can be applied to a vehicle capable of controlling acceleration/deceleration and a stop of the vehicle only
by an operation of an accelerator pedal. In this vehicle, a driver depresses the accelerator pedal during acceleration
and reduces or zeros an amount of depression of the depressed accelerator pedal during deceleration or during stop.
It should be noted that, the vehicle approaches the stop state while the driver depresses the accelerator pedal to prevent
the vehicle from retreating on uphill roads in some cases.

[0009] A motor controller 2 has signals indicating vehicle states such as a vehicle speed V, an accelerator position
AP, a rotator phase o of the electric motor (three-phase alternating current motor) 4 and currents iu, iv, and iw of the
electric motor 4, which are input to the motor controller 2 in the form of digital signals, and generates PWM signals for
controlling the electric motor 4 based on the input signals. The motor controller 2 performs an open/close control of a
switching element of an inverter 3 by the generated PWM signal. The motor controller 2 has functions as motor rotation
speed estimating means, motor rotation speed estimated value correction means, feedback torque calculating means,
feedforward torque calculating means, motor torque command value calculation means, motor control means, and
disturbance torque estimating means. The motor rotation speed estimating means calculates a motor rotation speed
estimated value, which will be described later. The motor rotation speed estimated value correction means corrects a
motor rotation speed estimated value based on an amount of braking of a brake, which will be described later. The
feedback torque calculating means calculates a feedback torque, which will be described later. The feedforward torque
calculating means calculates a feedforward torque, which will be described later. The motor torque command value
calculation means calculates a motor torque command value, which will be described later. The motor control means
controls the electric motor 4 based on the motor torque command value. The disturbance torque estimating means
estimates a disturbance torque, which will be described later.

[0010] The inverter 3 turns on/off, for example, two switching elements (for example, power semiconductor elements
such as IGBTs and MOS-FETSs) for each phase to convert a direct current supplied from a battery 1 into an alternating
current and causes a desired current to flow into the electric motor 4.

[0011] The electric motor 4 generates a drive force by the alternating current supplied from the inverter 3 and transmits
the drive force to right and left drive wheels 9a, 9b via a speed reducer 5 and a drive shaft 8. Further, when being rotated
following the rotation of the drive wheels 9a, 9b during the travel of the vehicle, the electric motor 4 generates aregenerative
drive force, thereby collecting the kinetic energy of the vehicle as electrical energy. In this case, the inverter 3 converts
an alternating current generated during the regenerative operation of the electric motor 4 into a direct current and supplies
the direct current to the battery 1.
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[0012] A current sensor 7 detects the three-phase alternating currents iu, iv and iw flowing in the electric motor 4. Note
that, since the sum of the three-phase alternating currents iu, iv and iw is 0, the currents of any of two phases may be
detected and the current of the remaining one phase may be obtained by calculation.

[0013] A rotation sensor 6 functions as vehicle speed detecting means to detect a motor rotation speed as a speed
parameter. The rotation sensor 6 is, for example, a resolver or an encoder and detects the rotator phase o of the electric
motor 4.

[0014] A brake controller 11 sets an braking amount B of the brake according to the amount of depression of a brake
pedal 10 to control a brake fluid pressure according to the braking amount B of the brake.

[0015] A fluid pressure sensor 12 detects the brake fluid pressure to obtain the braking amount B of the brake and
outputs the obtained braking amount B of the brake to the motor controller 2. That is, the fluid pressure sensor 12
functions as means to detect the braking amount of the brake as a resistance component unrelated to a gradient.
[0016] A friction brake 13 starts the brake fluid pressure according to the braking amount B of the brake to press a
brake pad to a rotor, thus generating a braking force in the vehicle.

[0017] FIG. 2is aflowchart showing a flow of processes for a motor current control performed by the motor controller 2.
[0018] In Step S201, signals indicating the vehicle states are input. Here, the vehicle speed V (km/h), the accelerator
position AP (%), the rotator phase o (rad) of the electric motor 4, a rotation speed Nm (rpm) of the electric motor 4, the
three-phase alternating currents iu, iv and iw flowing in the electric motor 4, a direct-current voltage value Vdc (V) between
the battery 1 and the inverter 3, and the braking amount B of the brake are input.

[0019] The vehicle speed V (km/h) is obtained by a vehicle speed sensor (not illustrated) or through communications
from another controller. Alternatively, the vehicle speed v (m/s) is obtained by multiplying a rotator mechanical angular
velocity om by a tire dynamic radius R and dividing the product by a gear ratio of a final gear, and then multiplied by
3600/1000 for unit conversion, thereby obtaining the vehicle speed V (km/h).

[0020] The accelerator position AP (%) is obtained from an accelerator position (not illustrated) or through communi-
cations from another controller such as a vehicle controller (not illustrated).

[0021] The rotator phase o (rad) of the electric motor 4 is obtained from the rotation sensor 6. The rotation speed Nm
(rpm) of the electric motor 4 is obtained by dividing a rotator angular velocity o (electric angle) by a pole pair number p
of the electric motor 4 to obtain a motor rotation speed om (rad/ s) (speed parameter), which is a mechanical angular
velocity of the electric motor 4, and multiplying the obtained motor rotation speed mm by 60/ (2x). The rotator angular
velocity w is obtained by differentiating the rotator phase a.

[0022] The currents iu, iv and iw (A) flowing in the electric motor 4 are obtained from the current sensor 7.

[0023] The direct-current voltage value Vdc (V) is obtained from a voltage sensor (not illustrated) provided in a direct-
current power supply line between the battery 1 and the inverter 3 or a power supply voltage value transmitted from a
battery controller (not illustrated).

[0024] The braking amount B of the brake is obtained from the fluid pressure sensor 12, which detects the brake fluid
pressure. A value of, for example, a stroke sensor (not illustrated), which detects an amount of brake operation by the
driver, may be used. Alternatively, a brake command value may be obtained from the vehicle controller (not illustrated)
and another controller through communications to set the brake command value as the braking amount B of the brake.
It should be noted that, when the braking amount B of the brake is set from the sensor value or the command value,
responsiveness from when the braking amount B of the brake is input to the vehicle until the braking force actually acts
on the vehicle is taken into consideration.

[0025] In Step S202, a first torque target value Tm1* is set. Specifically, the first torque target value Tm1* is set based
on the accelerator position AP and the motor rotation speed wm inputin Step S201 by referring to an accelerator position-
torque table illustrated in FIG. 3. As described above, the control device for electric motor vehicle according to the
embodiment can be applied to the vehicle capable of controlling acceleration/deceleration and the stop of the vehicle
only by the operation of the accelerator pedal. To at least ensure stopping the vehicle by full closing of the accelerator
pedal, in the accelerator position-torque table illustrated in FIG. 3, a motor torque is set such that an amount of motor
regeneration with the accelerator position of 0 (fully closed) increases. That is, when the motor rotation speed is positive
and at least the accelerator position is 0 (fully closed), the negative motor torque is set so as to work the regenerative
braking force. Note that, the accelerator position-torque table is not limited to the table illustrated in FIG. 3.

[0026] In Step S203, a stop control process is performed. Specifically, whether the electric motor vehicle is just before
the stop of the vehicle is determined. The first torque target value Tm1* calculated in Step S202 is set as a motor torque
command value Tm* before the electric motor vehicle is just before the stop of the vehicle, and a second torque target
value Tm2*, which converges to a disturbance torque command value Td, with a reduction in the motor rotation speed
is set as the motor torque command value Tm* after the electric motor vehicle is just before the stop of the vehicle. This
second torque target value Tm2* is a positive torque on an uphill road, a negative torque on a downhill road and almost
0 on a flat road. In this way, the vehicle stop state can be maintained regardless of a gradient of a road surface as
described later. The detail of the stop control process is described later.

[0027] In Step S204, a d-axis current target value id* and a g-axis current target value iq* are obtained based on the
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motor torque target value Tm* calculated in Step S203, the motor rotation speed wm, and the direct-current voltage
value Vdc. For example, a table obtaining a relationship of the d-axis current target value and the g-axis current target
value with the torque command value, the motor rotation speed, and the direct-current voltage value is prepared in
advance and the d-axis currenttarget value id* and the g-axis current target value iq* are obtained by referring to this table.
[0028] In Step S205, a current control is performed to match a d-axis current id and a g-axis current iq with the d-axis
current target value id* and the g-axis current target value iq* obtained in Step S204, respectively. To this end, the d-
axis current id and the g-axis current iq are first obtained based on the three-phase alternating current values iu, iv and
iw and the rotator phase a of the electric motor 4 input in Step S201. Subsequently, d-axis and g-axis voltage command
values vd and vq are calculated from deviations between the d-axis and g-axis current command values id*, ig* and the
d-axis and g-axis currents id and iqg. It should be noted that a non-interference voltage necessary to cancel out an
interference voltage between d-q orthogonal coordinate axes may be added to the calculated d-axis and g-axis voltage
command values vd and vq.

[0029] Subsequently, from the d-axis and g-axis voltage command values vd and vq and the rotator phase a of the
electric motor 4 and from three-phase alternating-current voltage command values vu, w, and vw and the current voltage
value Vdc, PWM signals tu (%), tv (%), and tw (%) are obtained. By opening and closing the switching elements of the
inverter 3 by the PWM signals tu, tv and tw obtained in this way, the electric motor 4 can be driven with a desired torque
instructed by the torque command value Tm*.

[0030] Here, before the stop control process performed in Step S203 is described, a transmission characteristic Gp(s)
from the motor torque Tm to the motor rotation speed wm is described in the control device for electric motor vehicle
according to the embodiment.

[0031] FIG. 4 and FIG. 5 are diagrams modeling a drive force transmission system of the vehicle, and respective
parameters in the diagrams are as described below.

Jm: inertia of electric motor

Jw: inertia of drive wheels

M: weight of vehicle

KD: torsional rigidity of drive system
Kt: coefficient relating friction between tires and road surface
N: overall gear ratio

r: excessive radius of tires

om: angular velocity of electric motor
Tm: torque target value Tm*

TD: torque of drive wheels

F: force applied to vehicle

V: speed of vehicle

ow: angular velocity of drive wheels

[0032] The following equations of motion can be derived from FIG. 4 and FIG. 5. Note that, the asterisk (*) attached
to the right-upper corner of a symbol in the following Equations (1) to (3) indicates a time differential.
[Equation 1]

Jm* o *'m=Tm-TD/N - (1)

[Equation 2]

2Jw* o *w=TD-rF - (2)

[Equation 3]

MV*=F - (3)

[Equation 4]
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TD=KD f (0w m/N-»w)dt - (4)

[Equation 5]

F=Kt(r a w-V) - (5)

[0033] The transmission characteristic Gp(s) from the torque target value Tm of the electric motor 4 to the motor
rotation speed om obtained based on the equations of motion (1) to (5) is expressed by the following Equation (6).
[Equation 6]

Gp(s)=(bss3+b2s2+b1s+bo)/s(assd+ass?+ass+ai) e (B)

[0034] Here, each parameter in Equation (6) is expressed by the following Equation (7).
[Equation 7]
as=2Jm-Jw-M
as=Jm2Jw+Mr2)Kt
az=(Jm+2Jw/N2)M-KD
ar=(Jm+2Jw/N2+Mr2/N2)KD- Kt e (7))
bs=2Jw-M
b2=(2Jw+Mr2)Kt
bi=M-KD
bo=KD Kt

[0035] Through examinations, the poles and 0 point of a transfer function shown in Equation (6) can be approximated
to a transfer function of the following Equation (8), and one pole and one 0 point indicate values extremely close to each
other. This is equivalent to that o and f of the following Equation (8) indicate values extremely close to each other.
[Equation 8]

Gp(s)=(s+B)bs s2tby’ st+bo’ )s(s+a)las’ s*+as’ s+ai’ ) - (8)

[0036] Accordingly, by performing pole-zero cancellation (approximation to o = ) in Equation (8), Gp(s) constitutes
a transmission characteristic of (second order) / (third order) as shown in the following Equation (9).
[Equation 9]

G.'(s) = (

b"s*+b"s+b") B (o)
p s(a3”s2+a2"s+al”) a

[0037] For reduction in operation amount, simplifying a transmission characteristic Gp’(s) can obtain the following
Equation (10).
[Equation 10]

G,"(s)= i —g- - (10)

1
a,''s
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[0038] The following describes the transmission characteristic Gp(s) from the braking amount B of the brake to the
motor rotation speed om,

[0039] The braking amount B of the brake is the braking force applied to the vehicle. The equation of motion expressed
by the following Equation (11) can be derived from FIG. 4 and FIG. 5.

[Equation 11]

2dw- o *w=TD-rF-rB .- (1 1)

[0040] Note that, the braking amount B of the brake in Equation (11) is as follows.
ow>0:B>0
ow=0:B=0

ow <0:B<0

[0041] To obtain the transmission characteristic Gb(s) from the braking amount B of the brake to the motor rotation
speed om based on the equations of motion indicated by the Equations (1), (3), (4), (5), and (11), the transmission
characteristic Gb(s) is expressed by the following Equation (12).

[Equation 12]

Gb(s)=(b1s+bo)/s(ass3+ass+azs+a) - (1 2)

[0042] Note that, the parameters in Equation (12) are expressed by the following Equation (13).
[Equation 13]

as=2Jm-Jw-M -N2

as= (2Jw+Mr2) - Jm - Kt - N2

as=(Jm N2+2Jw)-M-KD

a1=(Jm- N2+2Jw+Mr2) - KD-Kt -+ (1 3)
bi=r-M-KD-N

bo=r-KD-Kt-N

[0043] Next, the detail of the stop control process performed in Step S203 of FIG. 2 is described. FIG. 6 is a block
diagram for achieving the stop control process.

[0044] A feedforward compensator (hereinafter referred to as an F/F compensator) 501 calculates a motor rotation
speed estimated value based on the obtained braking amount B of the brake. The following describes details of the F/F
compensator 501 with reference to FIG. 7 and FIG. 12.

[0045] FIG. 7 is a diagram describing a method for calculating the motor rotation speed estimated value according to
the state of the electric motor vehicle. A brake torque estimator 601 calculates a motor rotation speed correction value
to correct the motor rotation speed estimated value based on the braking amount B of the brake. FIG. 12 illustrates
details of the brake torque estimator 601.

[0046] FIG. 12 is a diagram describing a method for calculating the motor rotation speed correction value according
to the braking amount B of the brake. A control block 1201 performs a process of the transmission characteristic Gb(s)
expressed by the above-described Equation (12) on the braking amount B of the brake to calculate the motor rotation
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speed correction value. The braking force by the brake acts in a direction that the motor rotation converges to 0 rpm
both in forward movement and backward movement. Accordingly, the motor rotation speed correction value is calculated
such that the motor rotation acts in the direction of converging to 0 rpm according to a sign of a vehicle longitudinal
speed. The sign of the motor rotation speed correction value in the embodiment is negative during the forward movement
of the vehicle and positive during the backward movement of the vehicle. The motor rotation speed correction value is
output to an adder 602 illustrated in FIG. 7.

[0047] Referring back to FIG. 7, the explanation will be continued. The adder 602 adds the motor rotation speed
correction value calculated by the brake torque estimator 601 to the motor rotation speed estimated value to correct the
motor rotation speed estimated value. The adder 602 outputs the corrected motor rotation speed estimated value to a
control block 603.

[0048] A motor torque estimator 603 multiplies the corrected motor rotation speed estimated value output from the
adder 602 by a predetermined gain (hereinafter referred to as a total gain) Kvref (Kvref < 0) to calculate a motor torque
estimated value. The total gain Kvref is a predetermined value to smoothly stop the electric motor vehicle while an
extension of a braking distance is reduced, and is, for example, appropriately set by experimental data or similar data.
[0049] A motor rotation speed estimator 604 converts the motor torque estimated value into the motor rotation speed
estimated value based on the vehicle model Gp(s) indicated by Equation (6). This embodiment uses a vehicle simple
model Gp"(s) indicated by Equation (10), instead of the vehicle model Gp(s).

[0050] The motor rotation speed estimator 604 inputs the motor torque estimated value calculated by the motor torque
estimator 603 to the vehicle simple model Gp"(s) to calculate the motor rotation speed estimated value based on the
vehicle simple model Gp"(s). The motor rotation speed estimator 604 outputs the motor rotation speed estimated value
based on the vehicle simple model Gp"(s) to the adder 602 and a low-pass filter 605.

[0051] In the case where a torque comparator 508, which will be described later, determines that the electric motor
vehicle is just before the stop of the vehicle and the case where the braking amount B of the brake is released, the motor
rotation speed estimator 604 initializes the vehicle simple model Gp"(s) based on the current motor rotation speed wm.
For example, the vehicle simple model Gp"(s) is constituted of constants a,” and by’, which are uniquely decided by a
design value of the vehicle, and an integrator. When the motor rotation speed estimator 604 determines that the electric
motor vehicle is just before the stop of the vehicle, setting the initial value of the above-described integrator to the motor
rotation speed om initializes the vehicle simple model Gp"(s). During the braking of the brake, due to a change in a
friction coefficient () of the brake pad or a similar cause, an error occurs in the command value and the sensor value;
and the braking force actually acting on the vehicle. Accordingly, the above-described initialization cancels the error
occurred during the braking of the brake.

[0052] The low-pass filter 605 is a low-pass filter with a transmission characteristic Hc(s) configured to complement
the vehicle simple model Gp"(s). Here, a filtering process of the transmission characteristic Hc(s) is performed on the
motor rotation speed estimated value calculated by the motor rotation speed estimator 604 for response adjustment.
The transmission characteristic Hc(s) is set based on, for example, a simulation or experimental data. Specifically, with
the total gain Kvref smaller than 0, a time constant of the transmission characteristic Hc(s) is adjusted such that the
convergence of the motor rotation speed mm and the convergence of the motor rotation speed estimated value input to
an F/F torque setting device 503 to be equivalent.

[0053] Thus, the low-pass filter process is performed on the motor rotation speed estimated value input to the F/F
torque setting device 503. This corrects a discrepancy of the response characteristic in association with the use of the
vehicle simple model Gp'(s).

[0054] Referringbackto FIG. 6, the explanation will be continued. A feedback torque setting device (hereinafter referred
to as an F/B torque setting device) 502 illustrated in FIG. 6 calculates an F/B torque based on the detected motor rotation
speed om. The following describes the details with reference to FIG. 8.

[0055] FIG. 8 is a diagram describing a method for calculating the F/B torque based on the motor rotation speed om.
The F/B torque setting device 502 includes a multiplier 701 to convert the motor rotation speed wm into the F/B torque.
[0056] The multiplier 701 includes a total gain multiplier 710 and a distribution coefficient multiplier 720. The multiplier
701 multiplies the motor rotation speed om by an F/B gain K1 (Kvref X ), which is determined to distribute the regenerative
braking force by the electric motor, 4 to calculate the F/B torque. The F/B gain K1 is set in a direction of weakening the
regenerative braking force compared with the total gain Kvref. That is, the F/B gain K1 is set to a value smaller than 0
and larger than the total gain Kvref.

[0057] The total gain multiplier 710 multiplies the motor rotation speed wm by the total gain Kvref to calculate an F/B
total torque.

[0058] Thedistribution coefficient multiplier 720 multiplies the F/B total torque by the distribution coefficient f to calculate
the F/B torque. Note that, the distribution coefficient f is a value larger than "0" and smaller than "1." The distribution
coefficient § is set based on, for example, a simulation or experimental data.

[0059] Thus, the multiplier 701 uses the value obtained by multiplying the total gain Kvref by the distribution coefficient
B as the F/B gain K1, ensuring the F/B torque small so as to decrease the regenerative braking force. The motor rotation
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speed om is multiplied by the F/B gain K1 to calculate the F/B torque; therefore, the F/B torque is set as a torque from
which the large regenerative braking force is obtained with the larger motor rotation speed om.

[0060] The following describes a configuration of the F/F torque setting device 503 illustrated in FIG. 6.

[0061] The F/F torque setting device 503 calculates the F/F torque based on the motor rotation speed estimated value
calculated by the F/F compensator 501. The F/F torque supplements the insufficient regenerative braking force by the
F/B torque just before the stop of the vehicle.

[0062] FIG. 9 is a diagram describing a method for calculating the F/F torque based on the motor rotation speed
estimated value. The F/F torque setting device 503 includes a multiplier 801 to convert the motor rotation speed estimated
value into the F/F torque.

[0063] The multiplier 801 multiplies the motor rotation speed estimated value by an F/ F gain K2 set according to the
F/B gain K1 to calculate the F/F torque. The multiplier 801 includes a total gain multiplier 810 and a distribution coefficient
multiplier 820.

[0064] The total gain multiplier 810 multiplies the motor rotation speed estimated value by the total gain Kvref to
calculate an F/F total torque.

[0065] The distribution coefficient multiplier 820 multiplies the F/F total torque by the distribution coefficient (1 - ) to
calculate the F/F torque. Note that, as described in FIG. 8, since the distribution coefficient § is a value larger than "0"
and is smaller than "1," the distribution coefficient (1 - ) is a value larger than "0" and smaller than "1."

[0066] Thus, the multiplier 801 uses the value obtained by multiplying the total gain Kvref by the distribution coefficient
(1 - B) as the F/F gain K2, ensuring assigning the amount of decreasing the F/B torque by the F/B torque setting device
502 to the F/F torque. The motor rotation speed estimated value is multiplied by the F/F gain K2 to calculate the F/F
torque; therefore, the F/F torque is set as a torque from which the large regenerative braking force is obtained with the
larger motor rotation speed estimated value.

[0067] The following describes a configuration of a disturbance torque estimator 504 illustrated in FIG. 6 with reference
to FIG. 10.

[0068] FIG. 10 is a block diagram illustrating details of the disturbance torque estimator 504 and to calculate the
disturbance torque estimated value Td based on the motor rotation speed ®om and the motor torque command value
Tm*. The disturbance torque estimator 504 calculates the disturbance torque estimated value Td based on the detected
motor rotation speed owm and the motor torque command value Tm*.

[0069] A control block 901 functions as a filter having a transmission characteristic H(s)/Gp(s) and inputs the motor
rotation speed wm and performs the filtering process, thus calculating a first motor torque estimated value. Gp(s) is a
vehicle model for the transmission characteristic of the torque input to the vehicle and the rotation speed of the motor.
H(s) is a low-pass filter having such a transmission characteristic that a difference between the denominator degree and
the numerator degree is equal to or more than a difference between the denominator degree and the numerator degree
of a model Gr(s).

[0070] A control block 902 functions as a low-pass filter having a transmission characteristic H(s) and inputs the motor
torque command value Tm* and performs the filtering process, thus calculating a second motor torque estimated value.
[0071] It should be noted that, in the calculation of the second motor torque estimated value, the resistances unrelated
to the gradient such as the braking amount of the brake, an air resistance, a rolling resistance, and a turning resistance
may be considered.

[0072] A subtractor 903 calculates the disturbance torque estimated value Td by subtracting the first motor torque
estimated value from the second motor torque estimated value.

[0073] Itshould be noted that although the disturbance torque according the embodiment is estimated by a disturbance
observer as illustrated in FIG. 10, it may be estimated using a meter such as a vehicle longitudinal G sensor.

[0074] Here, while the air resistance, a modeling error caused by a variation of a vehicle weight due to the number of
passengers and load capacity, a rolling resistance of the tires, a gradient resistance of the road surface, and a similar
resistance are thought as the disturbances, a disturbance factor dominant just before the stop of the vehicle is the
gradient resistance. While the disturbance factors differ depending on driving conditions, the disturbance factors de-
scribed above can be collectively estimated since the disturbance torque estimator 504 calculates the disturbance torque
estimated value Td based on the motor torque command value Tm*, the motor rotation speed wm, and the vehicle model
Gp(s). This achieves a smooth vehicle stop from deceleration under any driving condition. Note that, as described above,
since the disturbance torque on the flat road is almost 0, when the vehicle is just before the stop of the vehicle on the
flat road, the motor torque command value Tm* may be converged to 0, eliminating the need for the calculation of the
disturbance torque estimated value Td.

[0075] Returning to FIG. 6, the explanation will be continued. The following describes configurations other than the
F/F compensator 501, the F/B torque setting device 502, the F/F torque setting device 503, and the disturbance torque
estimator 504.

[0076] Anadder505 adds the F/B torque calculated by the F/B torque setting device 502 and the F/F torque calculated
by the F/F torque setting device 503 to calculate a motor rotation speed F/B torque Tw.
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[0077] An adder 506 adds the motor rotation speed F/B torque Tw calculated by the adder 505 and the disturbance
torque estimated value Td calculated by the disturbance torque estimator 504 to calculate the second torque target value
Tm2*.

[0078] A just-before-stop determining torque setting device 507 calculates a just-before-stop determining torque based
on the detected motor rotation speed wm and the disturbance torque estimated value Td.

[0079] Here, the following describes the calculation of the just-before-stop determining torque with reference to FIG.
11. FIG. 11 is a block diagram describing a method for calculating the just-before-stop determining torque based on the
motor rotation speed mm. The just-before-stop determining torque setting device 507 includes a multiplier 1001. The
just-before-stop determining torque setting device 507 adds the disturbance torque estimated value Td to a value obtained
by multiplying the motor rotation speed mm by the total gain Kvref to calculate the just-before-stop determining torque.
[0080] Returning to FIG. 6, the following describes the configuration of the torque comparator 508.

[0081] Thetorque comparator 508 compares magnitudes between the firsttorque target value Tm1*, which is calculated
in Step S202, and the just-before-stop determining torque, which is calculated by the just-before-stop determining torque
setting device 507.

[0082] During the travelling of the vehicle, when the just-before-stop determining torque is smaller than the first torque
target value Tm1*, and the vehicle decelerates and becomes just before the stop of the vehicle (the vehicle speed is
equal to or less than a predetermined vehicle speed), the just-before-stop determining torque becomes larger than the
first torque target value Tm1*. When the just-before-stop determining torque becomes larger than the first torque target
value Tm1*, the torque comparator 508 determines that the vehicle is just before stop of the vehicle and switches the
motor torque command value Tm* from the first torque target value Tm1* to the second torque target value Tm2*.
[0083] Thus, when the torque comparator 508 determines that the just-before-stop determining torque is equal to or
smaller than the first torque target value Tm1*, the torque comparator 508 determines that the vehicle is prior to just
before the stop of the vehicle and sets the first torque target value Tm1* to the motor torque command value Tm*.
Meanwhile, when the torque comparator 508 determines that the just-before-stop determining torque is larger than the
first torque target value Tm1*, the torque comparator 508 determines that the vehicle is just before the stop of the vehicle
and switches the motor torque command value Tm* from the first torque target value Tm1* to the second torque target
value Tm2*.

[0084] It should be noted that, to maintain the vehicle stop state, the second torque target value Tm2* converges to
the positive torque on the uphill road, the negative torque on the downhill road, and almost 0 on the flat road.

[0085] The following describes effects when the control device for electric motor vehicle according to the embodiment
is applied to the electric vehicle, especially describes a control during the braking of the brake with reference to FIG. 13
and FIG. 14.

[0086] FIG. 13 are diagrams illustrating examples of the control results by the control device for electric motor vehicle
according to the embodiment. FIG. 13 illustrates the control results when the vehicle stops on the flat road. FIG. 13
shows the braking amount of the brake, the motor rotation speed, the motor torque command value, and a vehicle
longitudinal acceleration in the order from the above. The dotted line in the diagram expressing the motor rotation speed
shows the corrected motor rotation speed estimated value and the dotted line in the diagram expressing the motor torque
command value shows the disturbance torque estimated value.

[0087] At a time t0, the electric motor 4 is decelerated based on the first torque target value Tm1* calculated in Step
S202in FIG. 2. The disturbance torque estimated value is 0; therefore, it is seen that the vehicle travels on the flat road.
[0088] At atime t1, when the driver depresses the brake pedal, the braking amount B of the brake increases. At this
time, it is seen that the use of the first torque target value Tm1* and the braking amount B of the brake in combination
increases the vehicle longitudinal acceleration in the negative direction, namely, the braking side.

[0089] From the time t1 to t2, when the torque comparator 508 determines that the just-before-stop determining torque
is larger than the first torque target value Tm1*, the torque comparator 508 determines that the vehicle is just before the
stop of the vehicle and switches the first torque target value Tm1* calculated in Step S202 to the second torque target
value Tm2* calculated in Step S203 for deceleration. At this time, for the calculation of the motor rotation speed estimated
value by the F/F compensator 501, the correction is made considering the braking amount B of the brake. Therefore, it
is seen that the motor rotation speed matches the corrected motor rotation speed estimated value.

[0090] When the torque comparator 508 determines that the vehicle is just before the stop of the vehicle, the simple
vehicle model Gp"(s) constituting the motor rotation speed estimator 604 in FIG. 7 is initialized by the motor rotation
speed om to be set as an initial value of the motor rotation speed estimated value output from the F/F compensator 501.
[0091] From the time t2 to t3, even if the braking amount B of the brake is released, the motor rotation speed, the
motor torque command value, and the vehicle longitudinal speed are converged to 0. It can be seen that the vehicle can
smoothly stop without involving the acceleration vibration in the longitudinal direction.

[0092] Even at the time t3 and after the time t3, the motor rotation speed, the motor torque command value, and the
vehicle longitudinal speed still converge to 0. It is seen that the vehicle stop state can be held.

[0093] The following describes the control results in the case where the braking amount B of the brake is not considered
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to calculate the motor rotation speed estimated value by the F/F compensator 501 as a comparative example with
reference to FIG. 14.

[0094] At atime t0, the electric motor 4 is decelerated based on the first torque target value Tm1* calculated in Step
S202in FIG. 2. The disturbance torque estimated value is 0; therefore, it is seen that the vehicle travels on the flat road.
[0095] At atime t1, when the driver depresses the brake pedal, the braking amount B of the brake increases. At this
time, it is seen that the use of the first torque target value Tm1* and the braking amount B of the brake in combination
increases the vehicle longitudinal acceleration in the negative direction, namely, the braking side.

[0096] From the time t1 to t2, when the torque comparator 508 determines that the just-before-stop determining torque
is larger than the first torque target value Tm1*, the torque comparator 508 determines that the vehicle is just before the
stop of the vehicle and switches the first torque target value Tm1* calculated in Step S202 to the second torque target
value Tm2* calculated in Step S203 for deceleration. At this time, for the calculation of the motor rotation speed estimated
value by the F/F compensator 501, the braking amount B of the brake is not considered. Therefore, it is seen that the
motor rotation speed deviates from the motor rotation speed estimated value.

[0097] When the torque comparator 508 determines that the vehicle is just before the stop of the vehicle, the simple
vehicle model Gp"(s) constituting the motor rotation speed estimator 604 in FIG. 7 is initialized by the motor rotation
speed om to be set as an initial value of the motor rotation speed estimated value output from the F/F compensator 501.
[0098] From a time t2 to t3, the combination use of the second torque target value and the braking amount B of the
brake once converges the vehicle longitudinal acceleration to 0 and the vehicle attempts to enter the vehicle stop state.
However, it is seen that, when the braking amount of the brake is released, the vehicle longitudinal acceleration increases
in the negative direction, namely, the retreat side, thus retreating the vehicle. This occurs because the electric motor 4
is decelerated based on the second torque target value Tm2* calculated based on the motor rotation speed estimated
value calculated without taking the braking amount B of the brake into consideration by the F/F compensator 501.
[0099] From atime t3 tot5, the motor rotation speed indicates the negative value. Itis seen that that the vehicle retreats
and fails to smoothly stop. This occurs because the braking force of the vehicle by the braking amount of the brake is
lost due to the release of the braking amount of the brake.

[0100] It should be noted that, at a time t6, the motor rotation speed estimated value almost converges to 0 and the
retreat speed is controlled compared with the time point of t4.

[0101] As described above, according to the first embodiment, the control device for electric motor vehicle uses the
motor as the traveling driving source. The control device for electric motor vehicle is configured to decelerate by the
regenerative braking force from the motor. The control device for electric motor vehicle is configured to detect the amount
of the accelerator operation, detect the motor rotation speed proportionate to the traveling speed of the electric motor
vehicle, and calculate the motor rotation speed estimated value according to the state of the electric motor vehicle.
Additionally, the control device for electric motor vehicle is configured to detect or estimate the resistance component
unrelated to the gradient from the vehicle state and correct the motor rotation speed estimated value according to the
resistance component. Further, the control device for electric motor vehicle is configured to calculate the feedback torque
to stop the electric motor vehicle based on the motor rotation speed and calculate the feedforward torque to compensate
the feedback torque based on the corrected motor rotation speed estimated value. The control device for electric motor
vehicle is configured to calculate the motor torque command value and control the motor based on the calculated motor
torque command value. When the amount of the accelerator operation is equal to or less than the predetermined value
and the electric motor vehicle is just before the stop of the vehicle, the motor torque command value is converged to 0
based on the feedback torque and the feedforward torque together with the reduction in the traveling speed. This detects
or estimates the resistances unrelated to the gradient such as the braking amount of the brake, the air resistance, the
rolling resistance, and the turning resistance and corrects the motor rotation speed estimated value, thus ensuring
matching the motor rotation speed estimated value with the motor rotation speed. This allows the motor torque to be
converged to 0 together with the reduction in motor rotation speed. Therefore, even if the resistance unrelated to the
gradient is input to the vehicle as the disturbance, this allows the smooth stop of the vehicle without involving the
acceleration vibration in the longitudinal direction and holding the vehicle stop state.

[0102] It should be noted that, the amount of accelerator operation is equal to or less than the predetermined value
intends the amount of accelerator operation when the vehicle sufficiently travels at a low speed (for example, a speed
of 15 km/h or less) without an intervention of a braking device separate from the regeneration braking. It should be noted
that, needless to say, the exemplary vehicle speed is one example.

[0103] With the first embodiment, the detected motor rotation speed is multiplied by the predetermined gain K1 to
distribute the regenerative braking force from the motor to calculate the feedback torque. Additionally, the corrected
motor rotation speed is multiplied by the specific gain K2 set according to the predetermined gain K1 to calculate the
feedforward torque. When the amount of accelerator operation is equal to or less than the predetermined value and the
electric motor vehicle is just before the stop of the vehicle, the feedback torque obtained by adding the feedforward
torque calculated by the multiplication of K2 to the feedback torque calculated by the multiplication of K1 is set as the
motor torque command value. This appropriately distributes the feedforward torque and the feedback torque, thereby
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ensuring smoothly stopping the electric motor vehicle while the extension of the braking distance is reduced.

[0104] With the first embodiment, the resistance component unrelated to the gradient is the braking amount of the
brake that applies the braking force to the vehicle. The motor rotation speed correction value is calculated from the
braking amount of the brake to correct the motor rotation speed estimated value based on the calculated motor rotation
speed correction value. Accordingly, in the case where the braking force is applied to the vehicle except for the regen-
erative braking by the motor, the motor torque can also be converged to 0 together with the reduction in motor rotation
speed. Therefore, even if the braking amount of the brake is input to the vehicle, the vehicle can smoothly stop and the
vehicle stop state can be held.

[0105] With the firstembodiment, the amount of brake operation by the driver can be detected, and the braking amount
of the brake is decided based on the detected amount of brake operation. This allows the correction of the motor rotation
speed estimated value based on the sensor value detected by a brake fluid pressure sensor, a brake pedal stroke sensor,
or a similar device, thereby ensuring the correction based on the actual measured value of the vehicle.

[0106] The braking amount of the brake may be decided based on the command value regarding the brake operation
(such as an braking amount of the brake command value). This ensures deciding the disturbance torque estimated value
without a dead time such as a sensor detection delay.

[0107] The braking amount of the brake is decided considering the responsiveness from when the braking amount of
the brake is input to the vehicle until the braking force acts on the vehicle. Accordingly, the braking amount of the brake
considers the responsiveness such as a response from the braking amount of the brake command value until the start
of the brake fluid pressure and a response from the start of the brake fluid pressure until the action of the braking force
to the vehicle, thereby ensuring restraining a model error between the vehicle model and the actual vehicle.

[0108] With the first embodiment, the mark for the motor rotation speed correction value differs depending on the
traveling direction of the vehicle. Accordingly, according to the vehicle longitudinal speed (including the speed parameters
of the vehicle such as a vehicle body speed, a wheel speed, the motor rotation speed, and a drive shaft rotation speed),
the mark for the braking amount of the brake is inverted and the motor rotation speed correction value is calculated.
This allows appropriately correcting the motor rotation speed both in the forward movement and the backward movement
of the vehicle.

[0109] With the first embodiment, the motor rotation speed correction value is calculated using the filter including the
model Gb(s) for the transmission characteristic of the input of the braking amount of the brake to the vehicle and the
rotation speed of the motor. This allows accurately canceling the braking amount of the brake from the motor rotation
speed correction value.

[0110] Furthermore, releasing the braking amount of the brake initializes the motor rotation speed estimated value by
the motor rotation speed. This allows cancelling the error occurred in the braking of the brake.

[0111] The first embodiment estimates the disturbance torque, and when the amount of accelerator operation is equal
to or less than the predetermined value and the electric motor vehicle is just before the stop of the vehicle, the motor
torque command value Tm* is converged to the disturbance torque estimated value Td together with the reduction in
the motor rotation speed. Therefore, regardless of the uphill road, the flat road, and the downhill road, this embodiment
achieves the smooth deceleration without the acceleration vibration in the longitudinal direction just before the stop of
the vehicle and ensures holding the vehicle stop state.

(Second Embodiment)

[0112] A control device for electric motor vehicle of the second embodiment uses a vibration damping control together
in addition to the above-described first embodiment. The following describes the control device for electric motor vehicle
in this embodiment, especially aspects of the combination use of the vibration damping control.

[0113] FIG. 15is a control flowchart for the motor control of the control device for electric motor vehicle of the second
embodiment. In addition to the control sequence in the first embodiment illustrated in FIG. 2, the vibration damping
control process is performed in Step S203a.

[0114] As illustrated in FIG. 15, the process in Step S203a is performed after Step S203 (stop control process). This
embodiment sets the motor torque command value Tm* calculated in Step S203 in the above-described firstembodiment,
that is, the motor torque command value Tm* (see FIG. 6), which is the output from the torque comparator 508, as a
third torque target value Tm3* (see FIG. 16). By performing the vibration damping control process on the third torque
target value Tm3*, the motor torque command value Tm* is obtained.

[0115] More specifically, in Step S203a, the motor torque command value Tm3* calculated in Step S203 and the motor
rotation speed om are input to a vibration damping control block 1701 (see FIG. 17). Without sacrificing the response
of a drive shaft torque, the vibration damping control block 1701 calculates the motor torque command value Tm* after
the vibration damping control, which reduces a torque transmission system vibration (such as a torsional vibration of
the drive shaft). The following describes an example of the vibration damping control process performed by the vibration
damping control block 1701 with reference to FIG. 18.

12



10

15

20

25

30

35

40

45

50

55

EP 3 251 887 A1

[0116] FIG. 18 is a block diagram of the vibration damping control process used in this embodiment. A feedforward
compensator 1801 (hereinafterreferred to as an F/F compensator) functions as afilter having a transmission characteristic
Gr(s)/Gp(s), which is constituted of the transmission characteristic Gr(s) and an inverse system as the model Gp(s) for
the transmission characteristic of the torque input to the vehicle and the rotation speed of the motor. By inputting the
third torque target value Tm3* and performing the filtering process, the vibration damping control process by the feed-
forward compensation is performed. The used transmission characteristic Gr(s) can be expressed by the following
Equation (14).

[Equation 14]

Gr(s)=Mp-(s24+2 £ z* wz* s+ w 22)/s(s24+2 wp s+ wp2?) - (1 4)

[0117] It should be noted that, the vibration damping control performed by the F/F compensator 1801 may be the
vibration damping control described in JP2001-45613A or may be the vibration damping control described in
JP2002-152916A.

[0118] Control blocks 1803 and 1804 are filters used for the feedback control (hereinafter the feedback is referred to
as the F/B). The control block 1803 is the filter having the above-described transmission characteristic Gp(s). The control
block 1803 inputs a value obtained by adding the output from the F/F compensator 1801 to the output from the control
block 1804 described later, which is output from an adder 1805, and performs the filtering process. A subtractor 1806
subtracts the motor rotation speed wm from the value output from the control block 1803. The subtracted value is input
to the control block 1804. The control block 1804 is a filter having a transmission characteristic H(s)/Gp(s), which is
constituted of the low-pass filter H(s) and an inverse system of the model Gp(s) for the transmission characteristic of
the torque input to the vehicle and the rotation speed of the motor. The control block 1804 inputs the output from the
subtractor 1806, performs the filtering process, and outputs the value calculated as an F/B compensation torque to the
adder 1805.

[0119] The adder 1805 adds the third torque target value Tm3* on which the vibration damping control process has
been performed by the F/F compensation to the above-described value calculated as the F/B compensation to calculate
the motor torque command value Tm* to reduce the vibrations in the torque transmission system for the vehicle.
[0120] It should be noted that, the vibration damping control performed by the vibration damping control block 1701
may be the vibration damping control described in JP2003-9566A or may be the vibration damping control described in
JP2010-288332A.

[0121] For combination use of the vibration damping control (F/F compensator), by an algorithm of the vibration
damping control, the vehicle model Gp(s) expressed by Equation (6) in the first embodiment can be regarded as the
transmission characteristic Gr(s) indicated in Equation (14). Specifically, the filter having the transmission characteristic
H(s)/Gp(s), which is shown in the control block 901 in FIG. 10, can be regarded as the filter having the transmission
characteristic H (s)/Gr(s) as illustrated in a control block 1901 in FIG. 19.

[0122] Subsequently, the following describes a method for calculating a brake torque estimated value for combination
use of the vibration damping control (F/B compensator).

[0123] FIG. 20 is a block diagram describing the calculation of the brake torque estimated value in combination use
of the vibration damping control.

[0124] A control block 2001 sets a past value of the motor rotation speed estimated value considering the dead time.
It should be noted that, the dead time here is, for example, the sensor detection delay of the vehicle.

[0125] A control block 2002 performs a vibration damping control (F/B compensator) process Ggg(s) according to the
past value of the motor rotation speed correction value set by the control block 2001 to calculate a vibration damping
control torque estimated value T 5. The following describes the details with reference to FIG. 21.

[0126] FIG. 21 is a diagram describing the details of the vibration damping control (F/B compensator) process Ggg(s)
performed by the control block 2002. A control block 2101 is a filter having a transmission characteristic H(s)/Gp(s). As
described above, Gp(s) is the model for the transmission characteristic of the torque input to the vehicle and the rotation
speed of the motor. H(s) is a low-pass filter having such a transmission characteristic that a difference between the
denominator degree and the numerator degree is equal to or more than a difference between the denominator degree
and the numerator degree of a model Gp(s). A control block 2102 is a filter having the transmission characteristic Gp(s)
and outputs a value obtained by inputting the output from the control block 2101 and performing the filtering process on
the input value to a subtractor 2100. The subtractor 2100 subtracts the past value of the motor rotation speed correction
value from the value output from the control block 2102 to output the obtained value through the subtraction to the control
block 2101. Accordingly, the vibration damping control torque estimated value Tg,g on which the vibration damping
control (F/B compensator) process has been performed can be calculated from the motor rotation speed correction value.
[0127] It should be noted that, similar to the vibration damping control process in Step 203a in FIG. 15, the vibration
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damping control (F/B compensator) may be the vibration damping control described in JP2003-9566A or may be the
vibration damping control described in JP2010-288332A.

[0128] Referring back to FIG. 20, the explanation will be continued. A control block 2003 performs the process of the
transmission characteristic Gb(s) indicated in Equation (12) according to the braking amount B of the brake, the vibration
damping control torque command value Tz, and the wheel speed mm to calculate the motor rotation speed correction
value after the vibration damping control. The adder 602 illustrated in FIG. 7 adds the motor rotation speed correction
value after the vibration damping control to the motor rotation speed estimated value to correct the motor rotation speed
estimated value.

[0129] When the vibration damping control, which reduces the torsional vibration of the drive shaft, is applied, the
second embodiment calculates the motor rotation speed correction value using the model of the transmission charac-
teristic considering the vibration damping control. This allows accurately canceling the braking amount of the brake from
the motor rotation speed estimated value also in the case where the vibration damping control is used.

[0130] The present invention is not limited to the above-described one embodiment but various modifications and
applications are possible. For example, the above-described explanation describes that, when the amount of accelerator
operation is equal to or less than the predetermined value and the electric motor vehicle is just before the stop of the
vehicle, the motor torque command value Tm* is converged to the disturbance torque estimated value Td (or 0) together
with the reduction in the rotation speed of the electric motor 4. However, since the speed parameters such as the wheel
speed, the vehicle body speed, and the rotation speed of the drive shaft are proportional relationship with the rotation
speed of the electric motor 4. Accordingly, the motor torque command value Tm* may be converged to the disturbance
torque estimated value Td (or 0) together with the reduction in speed parameter, which is proportionate to the rotation
speed of the electric motor 4.

Claims

1. A control device for electric motor vehicle that uses a motor as a traveling driving source, the control device for
electric motor vehicle being configured to decelerate by a regenerative braking force from the motor, the control
device for electric motor vehicle comprising:

an accelerator operation amount detecting means configured to detect an amount of an accelerator operation;
a vehicle speed detecting means configured to detect a speed parameter proportionate to a traveling speed of
the electric motor vehicle;

a vehicle speed estimating means configured to calculate a speed parameter estimated value according to a
state of the electric motor vehicle;

a means configured to detect or estimate a resistance component unrelated to a gradient from the vehicle state;
a speed parameter estimated value correction means configured to correct the speed parameter estimated
value according to the resistance component unrelated to the gradient;

afeedback torque calculating means configured to calculate a feedback torque to stop the electric motor vehicle
based on the speed parameter detected by the vehicle speed detecting means;

afeedforward torque calculating means configured to calculate a feedforward torque to compensate the feedback
torque based on the speed parameter estimated value corrected by the speed parameter estimated value
correction means;

a motor torque command value calculation means configured to calculate a motor torque command value; and
a motor control means configured to control the motor based on the motor torque command value, wherein
when the amount of the accelerator operation is equal to or less than a predetermined value and the electric
motor vehicle is just before a stop of the vehicle, the motor torque command value calculation means converges
the motor torque command value to 0 based on the feedback torque and the feedforward torque together with
a reduction in the traveling speed.

2. The control device for electric motor vehicle according to claim 1, wherein:

the feedback torque calculating means is configured to multiply the speed parameter detected by the vehicle
speed detecting means by a predetermined gain K1 to distribute the regenerative braking force from the motor
to calculate the feedback torque,

the feedforward torque calculating means is configured to multiply the speed parameter estimated value cor-
rected by the speed parameter estimated value correction means by a predetermined gain K2 set according to
the predetermined gain K1 to calculate the feedforward torque, and

when the amount of the accelerator operation is equal to or less than the predetermined value and the electric
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motor vehicle is just before the stop of the vehicle, the motor torque command value calculation means sets a
speed feedback torque obtained by adding the feedforward torque to the feedback torque as the motor torque
command value.

The control device for electric motor vehicle according to claim 1 or 2, wherein:

the resistance component unrelated to the gradient is an amount of braking of a brake to add a braking force
to the vehicle, and

the speed parameter estimated value correction means includes speed parameter correction value calculation
means configured to calculate a speed parameter correction value from the braking amount of the brake, the
speed parameter estimated value correction means being configured to correct the speed parameter estimated
value based on the speed parameter correction value.

The control device for electric motor vehicle according to claim 3, further comprising

a brake operation amount detecting means configured to detect an amount of brake operation by a driver, wherein
the braking amount of the brake is decided based on the amount of brake operation detected by the brake operation
amount detecting means.

The control device for electric motor vehicle according to claim 3, wherein
the braking amount of the brake is decided based on a command value regarding an operation of a brake.

The control device for electric motor vehicle according to claim 4 or 5, wherein
the braking amount of the brake is decided considering responsiveness from an input of the braking amount of the
brake to the vehicle until the braking force acts on the vehicle.

The control device for electric motor vehicle according to any one of claims 3 to 6, wherein
the speed parameter correction value has different signs according to a traveling direction of the vehicle.

The control device for electric motor vehicle according to any one of claims 3 from 7, wherein

the speed parameter correction value calculation means is configured to calculate the speed parameter correction
value using a filter including a model Gb(s) for a transmission characteristic of an input of the braking amount of the
brake to the vehicle and a rotation speed of the motor.

The control device for electric motor vehicle according to claim 8, wherein

when a vibration damping control to reduce a torsional vibration of a drive shaft is applied to the electric motor
vehicle, the speed parameter correction vale calculation means is configured to calculate the speed parameter
correction value using a model for a transmission characteristic considering the vibration damping control.

The control device for electric motor vehicle according to claims 3 to 9, wherein
when the braking amount of brake is released, the vehicle speed estimating means is configured to initialize the
speed parameter estimated value with the speed parameter.

The control device for electric motor vehicle according to any one of claims 1 to 10, further comprising

a disturbance torque estimating means configured to estimate a disturbance torque, wherein

when the amount of the accelerator operation is equal to or less than the predetermined value and the electric motor
vehicle is just before the stop of the vehicle, the motor torque command value calculation means converges the
motor torque command value to the disturbance torque based on the feedback torque and the feedforward torque
together with the reduction in the traveling speed.

A control method for electric motor vehicle that uses a motor as a traveling driving source, the control method for
electric motor vehicle being configured to decelerate by a regenerative braking force from the motor, the control
method for electric motor vehicle comprising:

detecting an amount of an accelerator operation;

detecting a speed parameter proportionate to a traveling speed of the electric motor vehicle;
estimating the speed parameter according to a state of the electric motor vehicle;

detecting or estimating a resistance component unrelated to a gradient from the vehicle state;
correcting the speed parameter according to the resistance component unrelated to the gradient;
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calculating a feedback torque to stop the electric motor vehicle based on the speed parameter detected in a
vehicle speed detecting step;

calculating a feedforward torque to calculate the feedforward torque for compensating the feedback torque
based on the speed parameter corrected by speed parameter correction means;

calculating a motor torque command value, the motor torque command value being configured to be converged
to 0 based on the feedback torque and the feedforward torque together with a reduction in the traveling speed
when the amount of the accelerator operation is equal to or less than a predetermined value and the electric
motor vehicle is just before a stop of the vehicle; and

controlling the motor based on the motor torque command value.
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